Dicamba at 3 pounds acid equivalent per 100 gallons of carrier will control individual western swordfern plants when applied between mid-May and late July. A mid-July foliage spray containing 1 to 3 pounds active ingredient per acre of asulam will produce good longterm control of western bracken without significantly affecting Douglasfirs or ponderosa pines.
INTRODUCTION
Western swordfern (Polystichum munitum) and western bracken (Pteridium aquilinum var. pubescens) are common herbaceous species on forest lands in western Oregon and Washington. The effect of competition from bracken on conifer seedling establishment is well documented (Dimock 1964 , McCulloch 1942 , Staebler et al. 1954 , Stewart 1975 , Worthington 1955 ) but is unknown for swordfern.
Swordfern is known to be a major winter food for a tree-damaging mammal, mountain beaver (Aplodontia rufa) (Voth 1968) . This suggests that abundance of swordfern may affect mountain beaver populations. Recent evidence shows that reclamation of red alder (Alnus rubra Bong.) stands with swordfern understories can be difficult (Dimock et al . 1976 ). Reduction or elimination of swordfern and bracken from conifer plantations may reduce their desirability as habitat for treedamaging animals and competition for light and soil moisture.
Western swordfern is found on forest lands in limited geographic areas and has not been considered a serious competitor to seedlings. Nothing was known about its control.
In contrast, varieties of bracken are a serious problem in pastures and on forest lands throughout the world. Although information on response of western bracken to herbicides was available (Fechtig 1968 , Fechtig and Furtick 1965 , Homesley and Furtick 1968 , Robocker 1971 , satisfactory treatments for controlling this species had not been been developed.
Beginning in 1970, a series of studies were installed to develop herbicidal treatments to control western swordfern and western bracken. Since swordfern is likely to require control only in localized areas, efforts were directed toward developing individual plant treatments .
Bracken is a more widespread problem requiring treatments suitable for broadcast application.
All studies were installed as completely randomized experiments and the results analyzed by analysis of variance.
Comparisons of herbicide effectiveness were based on analysis of percentage of plants killed for western swordfern and percentage of ground cover for western bracken.
WESTERN SWORDFERN
During the 1970 growing season, four herbicides were tested as foliage sprays on western swordfern near Sitkum, Oregon.
Each treatment was applied in a water carrier by knapsack sprayer to drip point on 10 individual plants. Herbicides were applied as early foliar sprays on May 26, when fronds were at a mid-to late-hook stage, or as midsummer sprays on July 28, when fronds were mature and sori were yellow to rust colored.
Results observed in September 1971, 13 to 15 months after treatment, are shown in table 1. Swordfern was equally susceptible to sprays applied in late spring and midsummer, but there was a significant All treatments reduced the vigor of surviving plants compared with untreated swordfern. Averaged over all dosages, bromacil produced better plant kill than dicamba. As shown in figure 2 , the minimum effective concentration of both herbicides is approximately 3 lb aihg. However, dicamba is somewhat more effective than bromacil at this concentration. The results also suggest that the oil-soluble formulation of dicamba applied in diesel oil is better than the water-soluble formulation applied in water at equal concentrations--1 pound acid equivalent per 100 gallons (lb aehg)
Both the water-soluble and oilsoluble formulations of dicamba are registered for use as high volume ground -applied sprays on forest land; bromacil is not. Therefore, dicamba is preferred to bromacil as an early foliar application for control of western swordfern.
Dicamba and bromacil are soil-and foliage-active and may severely damage conifers, so sprays should be carefully applied on individual swordfern plants to avoid drift onto adjacent conifers. For site preparation, dicamba should be applied the year before planting.
WESTERN BRACKEN
During the 1970 growing season, the four herbicides tested on western swordfern were also applied as foliage sprays on western bracken near Blodgett, Oregon.
Each treatment was applied by knapsack sprayer in a water carrier at a volume equivalent to 200 gallons per acre to ten 1/1,000-acre circular plots.
Herbicides were tested as early foliar sprays on June 15, when fronds were almost fully expanded, and as midsummer sprays on August 10, when fronds were mature and sori were green. Dicamba was by far the most effective herbicide tested for reducing bracken cover, and 4 lb ai per acre was as effective as 8 lb. Early foliar sprays were less effective than midsummer sprays. This finding agrees with other studies, although Fechtig (1968) and Homesley and Furtick (1968) indicate that both picloram and dichlobenil can produce somewhat better control. Tests in Great Britain show that 4 lb ai per acre of dicamba can control bracken for up to four growing seasons on infertile sites but only for two seasons on fertile, moist sites (Forestry Commission 1969) In the present study, none of the Dicamba is somewhat persistent, soil active, and can severely damage conifers (Ryker 1970 , Stewart 1974 . Asulam, a herbicide developed in Great Britain, has produced excellent control of other varieties of bracken fern at 4 to 8 lb ai per acre without damaging certain species of conifers (Holroyd et al. 1970 , Martin et al. 1972 , Soper 1972 , Wasmuth 1973 ) .
Its effects on Douglas-fir {Vseudotsuga menziesii) and western bracken were unknown; therefore, a test was installed near Harlan, Oregon, to compare effectiveness of asulam and dicamba for control of western bracken.
Each treatment was applied to three 1/100-acre-square plots of western bracken in mid-July of 1972 after complete frond elongation. All sprays were applied with 0.2 percent surfactant in water at a volume equivalent to 200 gallons per acre. Bracken cover and stem density and height were observed in July--12, 24, and 36 months after treatment. Stem density and height were measured in five 1 -foot-square subsamples systematically located along the diagonals in each plot. Results of the first and last examinations are shown in table 4. Change in bracken cover during the 3 years after treatment is shown in figure 3 .
Asulam was more effective than dicamba in reducing bracken cover during the 3-year study.
Effects of dicamba were evident by the end of the first growing season, 2 months after treatment.
In contrast, asulam did not affect existing fronds but prevented emergence of new fronds the next year. Sprays containing 1 lb ai per acre of fig. 4 ).
In contrast, recovery was very slow after treatment with asulam, even at the lowest dosage ( fig. 5 ). As expected, Douglas-firs present on the plots at the time of treatments were severely damaged by dicamba (fig. 6) To better determine the suitability of asulam for conifer release, 10 seedlings each of Douglas-fir and ponderosa pine (Pinus ponderosa) were sprayed to drip point with 1/2 lb aihg of asulam in a water carrier. Treatments were applied on June 19 at the beginning of active growth, on July 13 as terminal growth stopped but while new growth was succulent, and on August 14 after buds were set and new growth was woody. The concentration approximated a 2-lb-aiper-acre application rate based on experience with phenoxy herbicides (Gratkowski 1961) . Defoliation and topkill 2 years after spraying and average annual height growth before and after spraying are shown in table 6.
The data show that asulam did not affect height growth of either Douglas-fir or ponderosa pine after adjusting for differences in individual tree growth before treatment using covariance analysis.
However, variation was considerable, and some small growth reduction may be possible.
Douglas-firs seemed more sensitive to asulam than ponderosa pines. Visible damage was slight in both species, but susceptibility was highest on June 19 during the period of active growth. This suggests that Douglas-fir and ponderosa pine seedlings can be safely released if sprays are applied after new growth ceases and terminal buds have set. This conclusion has been verified in a series of aerial spray tests. 
